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be invented by single chimpanzees.
Once invented, other chimpanzees
become more likely to express the
same behaviour themselves — after all,
the onlookers could have invented the
behaviour themselves, it just happened
that another lucky (or perhaps slightly
more gifted or motivated) chimpanzee
came first and thus acted as a catalyst
for the others’ individual learning.
Furthermore, in the past, group A
invented the use of leaves. while group
B invented the use of sticks — and both
behaviour patterns then stayed via
such mechanisms with their groups.
As a consequence, group A will be
more likely to explore their world with
leaves, while group B will be more
likely to use sticks (this we have
called the ‘founder effect’). The time
has come to put hypotheses like
this to the test.
In conclusion, although Gruber et al.
[2] have documented the striking
different solutions adopted by two
chimpanzee groups when solving the
same problem, it is unlikely that they
will contribute decisively towards the
resolution of the chimpanzee culture
debate. But the use of this method
in the field represents an important
advance that could bring social
learning under experimental scrutiny
in the field and pave the way to
investigate the roots of other aspects
of human culture such as conformity,
normativity and the accumulation of
knowledge.
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Orchids are celebrated for their extraordinary diversity of floral strategies, but
species with separate sexes are exceedingly rare. A new study shows that
females are maintained with hermaphrodites in one such species through an
unusual mix of sexual and asexual reproduction.
John R. Pannell
The great majority of angiosperms are
hermaphroditic. Although separate
sexes have arisen on numerous
independent occasions throughout
angiosperm evolution [1], the high
frequency of hermaphroditism in
most plant families suggests that
maintaining both male and female
structures within each flower has
widespread advantages. One potential
benefit of hermaphroditism is the
possibility of self-fertilization [2].
Self-fertilization has indeed evolved
frequently in plants, in many cases
probably in response to selection for
reproductive assurance in the absence
of mates or pollinators [3–5]. Yet most
hermaphrodite plants avoid selfing
and possess a range of intricate
mechanisms that promote outcrossing
[2,6,7]. Such mechanisms are nowhere
more striking than the morphological
‘contrivances’, as Darwin called them,
in the orchid family (Orchidaceae) [7].
The Orchidaceae is the largest
and one of the more morphologically
diverse families of land plants, with
around 22,000 species in almost 800
genera [8]. Remarkably, in contrast
with its frequent occurrence in other
large clades, dioecy (separate males
and females) is known only from two
orchid genera: Catasetum and
Cycnoches [9,10]. Exceptional cases
in biology are often surrounded by
exceptional circumstances, and no
less so in Catasetum. In these orchids,
the vehemence with which pollinia,
the specialised bags of pollen held
on a sticky stalk, are thrust upon
unsuspecting pollinators’ bodies is
so disagreeable to the insects that
they subsequently avoid all contact
with flowers with the same appearance
[10]. This would be counterproductive
in populations with monomorphicflowers, because pollinators must
of course fly from a pollen donor to
a pollen recipient of the same species.
But Catasetum populations are
sexually dimorphic, and the agitated
pollinators move away from males,
bearing their pollinia, to the flowers
of females that have a morphology
so different that taxonomists once
assigned females and males of
Catasetum to different genera [10]!
Huang et al. [11] have now pieced
together a puzzle that would seem to
explain a similarly unusual case of the
maintenance of gender dimorphism in
orchids. Populations of the Chinese
orchid species Satyrium ciliatum
were known to comprise mixtures
of normal hermaphrodites with
females (a sexual system known as
‘gynodioecy’). Gynodioecy is relatively
common in flowering plants, but
Satyrium ciliatum is the only known
case of it in the orchids. The proportion
of females in S. ciliatum is highly
variable, ranging from zero all the way
to one. High variation in the sex ratio
is typical of gynodioecious species
[12,13], so what is unusual about
gynodioecy in S. ciliatum?
The frequencies of females in
gynodioecious species are known
to depend on a number of factors,
including the relative rates of
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the relative numbers of seeds
that they produce, the rate of
self-fertilization by hermaphrodites,
the extent to which selfed progeny
suffer inbreeding depression, and
even the relative susceptibility of the
two sexes to herbivory [12,14,15]. In
many gynodioecious species, female
frequencies greater than 0.5 can be
explained as the outcome of a genetic
conflict between selfish male-sterility
genes in the mitochondrial genome,
which are usually transmitted to
progeny only through ovules and which
thus have no interest in the production
of pollen, and nuclear fertility-restorer
genes transmitted via both pollen and
ovules (reviewed in [12]). In populations
lacking fertility-restorer alleles, the
proportion of females should always
increase from one generation to the
next if females produce more seeds
than hermaphrodites (which, given
they do not produce pollen, should be
easy) — unless something prevents
their inexorable spread. It is intuitive
that this ‘something’ could well be
the frequency dependence of mating
opportunities: when females become
abundant and hermaphrodites are
correspondingly scarce, seed
production by females should decline
as a result of pollen limitation,
because only hermaphrodites
produce pollen [13,16].
Very high female frequencies are
common in gynodioecious species,
and it has been widely shown that
seed set in such populations is indeed
compromised by pollen limitation
(reviewed in [17]). But in the orchid
S. ciliatum, the female frequency has
risen all the way to fixation in at least
Figure 1. A gynodioeceous orchid species.
Left panel: inflorescence of the study species, Satyrium ciliatum, with its natural pollinator,
Bombus festivus, bearing a pollinium attached to its tongue. Right panel: natural population
of S. ciliatum with several individuals bagged to exclude pollinators. Images courtesy of
Shuang-Quan Huang.one population. More surprisingly, in
this population (as well as in others
where the female frequencies are also
high), females continue to produce
more seeds than hermaphrodites [11].
How so? In their paper, Huang et al. [11]
describe the natural history of this
unusual orchid in terms of floral
phenology, measures of seed
production over a wide geographic
region, and the community of
synergistic and antagonistic
interactions with insects that either
pollinate or eat parts of the species’
flowers (in females and hermaphrodites
to different extents). Unusually among
the orchids, the pollinia of S. ciliatum
are targeted by various insects as a
food source, constituting a substantial
waste of investment into sexual
reproduction. But the key novel
contribution of their paper is in its
elucidation of an intriguing mix of
sex with asexual reproduction (again,
in females and hermaphrodites at
different rates).
Huang et al. [11] found high levels
of seed set in females across the
23 populations they sampled, notably
also in a population that had no
hermaphrodites; this latter observation
strongly suggested the production
of seeds by asexual reproduction
(apomixes, or parthenogenesis). To
test this idea, they excluded pollinators
(bumblebees) from a number of
inflorescences in both the all-female
population and a gynodioecious
population (Figure 1), and used
staining techniques to observe the
development of ovules into possible
seeds in females and hermaphrodites.
They found embryos to be developing
in both hermaphrodites and females in
the absence of prior pollination. In two
gynodioecious populations, they also
compared seed set in females and
hermaphrodites under three different
experimental conditions: plants
exposed to natural pollinators; plants
from which pollinators were excluded
after hermaphrodites had been
emasculated by removing their
pollen (thus preventing any sexual
reproduction); and plants that were
pollinated by hand. For all three
treatments, females consistently had
greater seed set than hermaphrodites.
This was particularly the case where
only asexual reproduction was
possible. Where natural pollination
was permitted, more ovules
developed into seeds in females than
in hermaphrodites, evidently because
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produced seeds by females
outweighed the greater numbers
of sexually produced seeds
by hermaphrodites.
The paper by Huang et al. [11] brings
together an intriguing set of natural
history observations and results from
simple experiments that will hopefully
prompt further research into the nature
of sexual and asexual reproduction in
this unusual species. Several burning
questions are left unquenched. What,
for example, is the signal that prompts
both females and hermaphrodites to
produce parthenogenetic seeds, and is
parthenogenesis delayed until sex has
had its chance, just as self-fertilization
is delayed in some otherwise
outcrossing species [18,19]? Evidently
the proportion of asexual progeny
is higher in flowers that are left
unpollinated, but it seems that even
pollinated flowers produce some clonal
offspring. The genetic basis of male
sterility in S. ciliatum is also a pressing
question. Could gynodioecy in
S. ciliatum be due to a genetic
conflict between maternally and
biparentally inherited genes, as in
many other gynodioecious species
(reviewed in [12])? If so, its reproductive
system would be a fascinating exampleMorphogenesis: Mu
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Cadherin-based adherens junctions
mediate cell adhesion, allowing cells to
assemble into polarized multicellular
tissues. However, junctions aren’t
just glue — instead adhesion is very
dynamic. Recent studies begin to
explain this dynamic behavior [1–5].
Adherens-junction assembly has been
studied extensively [6], but their
maintenance and remodeling are
equally important. In two recent
papers, Warner and Longmore [4,5]
tackled this issue using the pupalof overlapping domains of competition
and conflict between sex and asex
on the one hand, and male versus
female gene transmission on the
other. The fact that asexual
reproduction is facultative and varies
in frequency with mating opportunities
(which can be experimentally
manipulated) opens up fertile ground
for testing hypotheses about the
advantages and disadvantages of
sex in general.
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During pupal development, these
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Among the regulators of adhesion
and morphogenesis are Rho-family
GTPases. Work in cultured cells and
yeast provided important insight into
their mechanisms of action [10], but10. Romero, G.A., and Nelson, C.E. (1986). Sexual
dimorphism in Catasetum orchids: Forcible
pollen emplacement and male flower
competition. Science 232, 1538–1540.
11. Huang, S.Q., Lu, Y., Chen, Y.Z., Luo, Y.B., and
Delph, D.F. (2009). Parthenogenesis maintains
male sterility in a gynodioecious orchid.
Am. Nat. 174, 578–584.
12. Bailey, M.F., and Delph, L.F. (2007). A field
guide to models of sex-ratio evolution in
gynodioecious species. Oikos 116, 1609–1617.
13. Lloyd, D.G. (1974). Theoretical sex ratios of
dioecious and gynodioecious Angiosperms.
Heredity 32, 11–34.
14. Charlesworth, D. (1999). Theories of the
evolution of dioecy. In Gender and Sexual
Dimorphism in Flowering Plants, M.A. Geber,
T.E. Dawson, and L.F. Delph, eds. (Heidelberg:
Springer), pp. 33–60.
15. Ashman, T.L. (2002). The role of herbivores
in the evolution of separate sexes from
hermaphroditism. Ecology 83, 1175–1184.
16. Lewis, D. (1941). Male sterility in natural
populations of hermaphrodite plants. New
Phytol. 40, 56–63.
17. Ashman, T.L. (2006). The evolution of separate
sexes: a focus on the ecological context. In
Ecology and Evolution of Flowers, L.D. Harder
and S.C.H. Barrett, eds. (Oxford: Oxford
University Press), pp. 419–465.
18. Lloyd, D.G. (1992). Self- and cross-fertilization
in plants. II. The selection of self-fertilization.
Int. J. Plant Sci. 153, 370–380.
19. Lloyd, D.G. (1979). Some reproductive factors
affecting the selection of self-fertilization in
plants. Am. Nat. 113, 67–79.
Department of Plant Sciences, University of
Oxford, South Parks Road,
Oxford OX1 3RB, UK.
E-mail: john.pannell@plants.ox.ac.uk
DOI: 10.1016/j.cub.2009.09.030only relatively recently were they
examined in intact animals. In
Drosophila embryos, Rho1 regulates
trafficking of adherens-junction
proteins. Dominant-negative Rho1
triggers adherens-junction
fragmentation and ultimate loss
of cortical E-cadherin [11]. Zygotic
Rho1 mutants retain maternal
Rho1, and thus defects only appear
when the maternal protein begins
to run out. E-cadherin accumulates
ectopically in presumptive internal
vesicles [12,13], and late
morphogenetic events like dorsal
closure and head involution are
disrupted, via defects in cell
signaling, adhesion and actin
regulation [11,14].
In Drosophila eyes, Warner and
Longmore [4] found that Rho1
maintains adherens-junction
stability, while its loss triggers
adherens-junction fragmentation
(Figure 1B) resembling that in embryos
expressing dominant-negative Rho1.
